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ABSTRACT
Objective:  To assess the prevalence of iron deficiency, anaemia and iron deficiency
anaemia (IDA) in women aged 20-40 years and its association with iron intake.  Methods:
A total of 388 women were recruited from universities and work sites in Kuala Lumpur and
its suburbs.  The subjects comprised 135 Malays, 130 Chinese and 123 Indians.  Dietary
intake was estimated using a single 24-hour food recall and a semi-quantitative food frequency
questionnaire.  Haemoglobin (Hb), haematocrit (hct), mean corpuscular volume (MCV)
and serum ferritin were determined.  Results:  The prevalence of anaemia (Hb <12g/dL)
was 20.9%, being highest among the Indians (26.4%) and lowest among the Malays (16.4%).
About 10.3% of the women showed iron deficiency anaemia (IDA) (Hb <12g/dL + serum
ferritin < 15μg/L + MCV <80fl/).  The prevalence of IDA was highest in Indians (18.0%)
followed by Chinese (9.9%) and Malays (4.3%).  The mean (95%CI) intake of total iron
was at 14.4 mg/day (95% CI 13.4, 15.5), amounting to 49.7% of the Malaysian
recommended nutrient intake (RNI).  Intake of iron was the highest for the Indians (16.0
mg/d) and the lowest for the Chinese (11.3 mg/d).  Conclusions: The overall prevalence of
IDA was lower compared to prevalence of anaemia.  Nonetheless, the markedly higher
prevalence of IDA among the Indians, despite relatively higher intake levels of iron-rich
foods warrants further investigations, including the bioavailability of iron in the context of
cultural practices that may influence food preferences and meal preparation.
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INTRODUCTION
The World Health Organization[1] estimated that about 40% of the world’s population (more
than 2 billion individuals) suffers from anaemia.  The prevalence of iron deficiency (ID),
which is usually detected by low serum ferritin concentrations, is estimated to be from 2.0 to
2.5 times the prevalence of anaemia.[2]  Iron deficiency anaemia (IDA) occurs when ID is
sufficiently severe to diminish the production of haemoglobin. Health consequences of
IDA have been observed in infants and children,[3, 4] adolescents[5] and pregnant women[6,7].
In the latter, IDA consequences include premature birth, low birth weight and small for
gestational age of the newborn.[8]
Whilst there are many studies on anaemia in Malaysia, there is a relative dearth of
studies on ID.[9, 10]   Inadequate iron intake is a key factor in the development of iron
deficiency and IDA. The Malaysian Adult Nutrition Survey (MANS) estimated iron intake
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of women at about 9.5mg/d, compared to 20mg/d recommended for women aged 19 to 50
years.[11]
This study was undertaken to assess the prevalence of ID, anaemia and IDA in women
aged 20-40 years in Kuala Lumpur suburbs and its association with iron intake.
METHODS
Subjects
Women aged 18-40 years were recruited from universities and other work sites located in
the suburbs of Kuala Lumpur through convenient sampling.  The inclusion criteria included
being not pregnant or breastfeeding, not taking supplements regularly, not consuming
alcohol habitually, not a habitual smoker and without a history of diabetes, hypertension,
liver, heart or gastrointestinal problems.  Those who qualified, they were given a two-page
information sheet about the study. If they agree to participate, they were asked to sign a
consent form. The study protocol was reviewed and approved by the Medical Research
Ethics Committee of the Faculty of Medicine and Health Sciences, Universiti Putra Malaysia.
Dietary Intake
Dietary intake was determined using a single 24-hour recall and a semi-quantified food
frequency questionnaire (FFQ).   The interviews were conducted by trained interviewers.
The dietary data was analysed using Nutritionist Pro, version 2.5 (First Databank,
California,USA).  The FFQ listed a total of 30 food items including  those high in iron and
frequently eaten by all ethnic groups.  For each food item, the following information was
recorded: (a) frequency of consumption as number of times per day, per week, per month or
never and (b) number of portions usually consumed (slices, units or standard servings).
Biochemical Measurements
A total of 10 ml blood (non-fasting) was taken from each subject, for haemoglobin (Hb),
haematocrit (hct), mean cell volume (MCV), and serum ferritin.  Hb, Hct and MCV were
measured the same day with a haematology analyser (ABX micros-60, Horiba-ABX, France).
Serum samples were stored at –20oC until sent to University of Otago, New Zealand for the
determination of serum ferritin using an Axsym analyser and AxSYM Ferritin assay (Abbott
Laboratories)
Statistical Analysis
The data were analysed using SPSS for Windows version 13.0 (SPSS, Chicago, IL, USA).
Characteristics of the women were described using frequencies, percentages, means,
standard deviations, median and percentiles (5-95th).  Anaemia was defined as a hemoglobin
level less than 12g/dL, depleted iron store as serum ferritin less than 15μg/L, and iron
deficiency anaemia as Hb less than 12g/dL, MCV less than 80fl and serum ferritin less than
15μg/L.  Analysis of variance with a Duncan test for multiple comparisons was used to
determine differences among groups and a p value of less than 0.05 was considered to
indicate statistical significance.
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RESULTS
Completed questionnaires and biochemical data were obtained from 388 (135 Malay, 130
Chinese and 123 Indians) of the 399 women who were enrolled.  Table 1 summarises the
characteristics of these 388 subjects who were included in all subsequent analyses.  The
median age of the subjects was 23 years and 74.5% were in the 21-30 years age category.
Two hundred and ninety-three (75.7%) of them were single and education attainment was
quite high (16 years or at about Form Five level).  This is due to the inclusion of a high
proportion of university students as subjects, (60.3%). The working women were employed
in a variety of positions including clerks, bank executives, factory operators, laboratory
Table 1.  General characteristics of the study sample (N=388)
Malay Chinese Indian All
N= 135 N=  130 N= 123 N= 388
Characteristics N (%)
Age (yr)
< 20 11 (8.2) 13 (10.0) 6 (4.9) 30 (7.7)
21-30 96 (71.1) 108 (83.1) 85 (69.1) 289 (74.5)
> 30 28 (20.7) 9  (6.9) 32 (26.0) 69 (17.8)
Median (years) 25 22 24 23
5-95th percentiles (years) 20-38 20-33 20-39 20-38
Marital status
Single 83 (61.9) 124 (96.1) 86 (69.4) 293(75.7)
Married 48 (35.8) 5 (3.9) 36 (29.0) 89 (23.0)
Divorced/widowed 3 (2.2) - 2 (1.6) 5 (1.3)
Education
Primary 3 (2.2) - 7 (5.7) 10 (2.6)
Secondary 35 (25.9) 3 (2.3) 24 9 (9.5) 62 (16.0)
Form 6/matriculation 23 (17.0) 15 (11.6) 14 (11.4) 52 (13.4)
College/University 74 (54.8) 111 (86.0) 78 (63.4) 263 (68.0)
Median (yrs) 16 16 16 16
5-95th percentiles (yrs) 11-16 13-16 7-16 11-16
Occupation
Working 77 (58.8) 12 (9.4) 37 (30.6) 126 (33.2)
Students 50 (38.2) 116 (90.6) 75 (62.0) 241 (63.4)
Housewives 4 (3.1) - 9(7.4) 13 (3.4)
BMI (kg/m2)
Mean + SD 24.1 ± 4.7a 21.2 ± 3.5b 22.3 ± 4.8c 22.6 ± 4.5
Underweight (< 18.5) 10 (7.4) 29 (22.7) 24 (22.5) 63 (17.1)
Normal (18.5-24.9) 81 (60.0) 88 (22.7) 63 (53.9) 232 (63.1)
Overweight (25.0 –29.9) 27 (20.0) 6 (4.7) 7 (14.6) 40 (10.9)
Obese (>30.0) 17 (12.6) 5 (3.9) 11 (9.0)  33 (8.9)
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technologists and nurses.  The mean BMI was 22.6kg/m2 and the majority were in the normal
category (63.1%).
The mean intake and the corresponding 95% confidence intervals of energy, iron and
vitamin C intakes are presented in Table 2.  Iron intake was similar in Malay and Indian
subjects but was significantly lower among the Chinese subjects.  Mean iron intake of
Malay and Indian subjects were 15.8 (13.9, 17.7)mg and 16.0 (14.0, 18.1)mg respectively,
while that of the Chinese was 11.3 (9.8, 12.7)mg.  The main foods providing heme iron for all
three ethnic groups are chicken and eggs.  Pork is the additional heme iron source for the
Chinese.
When the mean intake of iron of the subjects was compared to the Malaysian
Recommended Nutrient Intake (RNI,) assuming 10% iron bioavailability,[12] it is seen that
15.5% met the RNI level for iron.  About 76.5% of the subjects did not meet 2/3 of the RNI for
iron.  In this respect, a higher percentage of Chinese subjects (88.3%) had inadequate iron
intake compared to the Malays (68.1%) and Indians (74.4%).
The levels of Hb, hematocrit, MCV and ferritin (mean + SD) of the subjects were 12.7 +
1.5g/dl, 34.8 + 3.3%, 76.1 + 7.6fl and 29.3 + 27.8μg/L respectively (Table 3).  Overall, the
Indian subjects had significantly lower Hb and serum ferritin levels compared to the Malay
and Chinese subjects.  Depleted iron stores were found in 33% of the subjects with the
Indians having the highest percentage (53.9%) followed by the Chinese (25.2%) and Malay
(22.9%) (Table 4).  Overall prevalence of anaemia was 20.9%, while the combination of
anaemia and depleted iron stores was found in 11.6 % of the subjects.  The majority of the
women with depleted iron stores (64.1%) were not anaemic.  Severe anaemia (<7g/dL) was
found in only three subjects; thus most of the women could be considered as having mild
Table 2. Mean energy and nutrient intake of subjects (N= 388)
Variable RNI Mean (95 % CI)
Malay Chinese Indian All
N= 135 N=  130 N= 123 N= 388
Energy (kcal) 2000 1443 1251 1505 1402
(1355, 1532)a (1177, 1324)b (1404, 1607)a (1350, 1453)
Protein (g) 55 57 50 57 55
(53, 61)a (46, 54)b (52, 62)a (52, 57)
Fat (g) 46-70 46 42 46 45
(42, 50)a (36, 48)a (41, 51)a (42, 48)
Iron (mg) 20-29 15.8 11.3 16.0 14.4
(13.9, 17.7)a (9.8, 12.7)b (14.0, 18.1)a (13.4, 15.5)
Vitamin C 70 60 53 56 56
(48, 73)a (42, 63)a (45, 66)a (50, 63)
ANOVA post-hoc test (Duncan): mean values with different superscripts are significantly different at
P<0.05 level
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Table 3. Iron status of subjects
Malay Chinese Indian All
N= 135 N=  130 N= 123 N= 388
Hemoglobin (g/dL) 12.8 + 1.6a 12.8 + 1.2a 12.4 + 1.6b 12.7 + 1.5
Hematocrit (%) 35.1 + 2.9a 34.4 + 3.0a 34.7 + 3.9a 34.8 + 3.3
Mean cell volume (fl) 76.4 + 6.2a 76.5 + 7.5a 75.1 + 8.9a 76.1 + 7.6
Ferritin (μg/L) 35.0 + 31.9a 32.4 + 27.7a 20.1 + 20.2b 29.3 + 27.8
ANOVA post hoc test (Duncan): mean values with different superscript are significantly different at P<
0.05 level
Table 4. Prevalence of anaemia, depleted iron stores and IDA
Classification based on Malay Chinese Indian All
WHO (2001) [15] N= 135 N=  130 N= 123 N= 388
Anaemia (Hb <12 g/dL) 16.4 20.6 26.4 20.9
Depleted iron store 22.9 25.2 53.9 33.0
(ferritin <15 μg/L)
Iron deficiency anaemia 4.3 9.9 18.0 10.3
(Hb < 12 g/dL + ferritin
< 15 μg/L + MCV < 80fl)
(10-11.9 g/dL) to moderate levels (7-9.9 g/dL) of anaemia.  Based on the WHO definition,[13]
the prevalence of IDA was 10.3% with the Indians having the highest percentage (18.0%)
followed by the Chinese (9.9%) and Malays (4.3%) (Figure 1).
DISCUSSION
The overall prevalence of anaemia in this study was 20.9%, while iron deficiency anaemia
was at 10.3%, indicating that about half of the anaemia was due to iron deficiency.  Other
causes of anaemia in young women include heavy menstruation for longer than five days,
abnormal uterine bleeding, (such as from fibroids)[14] and pregnancy.[15]
The prevalence of anaemia found in young non-pregnant women (20.9%) appears
higher than the WHO estimate for non-pregnant women in Thailand at 18%.[16]  However,
there is a lower prevalence of iron deficiency anaemia compared to young adolescent girls
from Indonesia (21.8%)[17]. Similarly, women of reproductive age in northwest Vietnam
reported a higher prevalence of anaemia (37.5%).[18]
Serum ferritin is normally used as a marker of iron stores.  The prevalence of iron
depletion in women studied was 33%.  Low iron stores without anaemia, is a commonly
observed situation, especially in menstruating women.  One reason for this is that the usual
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diets in the population may not meet the high iron requirements of the menstruating women.
Some other factors, such as type of contraception in women, blood donation or minor
pathological blood loss (hemorrhoids, gynecological bleeding), may increase the difficulty
of covering iron needs. Moreover, women, especially those consuming low-energy diets,
vegetarians and vegans are at particularly high risk of iron deficiency.[19]
In developing countries including Malaysia, dietary iron is derived mainly from meat
and legumes.  Overall, the intake of iron in this study was slightly higher than those
reported by the MANS study,[11] and was similar to levels reported in adults in Manila,[20]
and Hong Kong.[21]  The Indian subjects had the highest prevalence of anaemia and IDA,
despite having a higher mean daily iron intake (16.0mg/d) than that of the Chinese (11.3 mg/
d) and Malay (15.8 mg/d).  This may be due to low bioavailability of iron from dhal and other
legumes that are frequently consumed by Indians generally.  Iron from these vegetable
sources has less than 5% bioavailability due to the presence of inhibitors of iron absorption
including phytate.[22]  Food items taken that could enhance iron absorption in this sample of
subjects are mainly cabbage and orange owing to their vitamin C content.
CONCLUSIONS
The prevalence of anaemia and IDA among urban Malaysian women were 20.9% and 10.3%,
respectively, and marked differences were found among the ethnic groups.  Intervention
strategies for the reduction of anaemia and iron deficiency should be sensitive to cultural
practices including food preferences and preparation.  Pre-pregnancy evaluation provides
important information for effective intervention strategies and may play a crucial role in
preventing development of IDA during pregnancy.
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Figure 1. Prevalence of anaemia, iron deficiency and IDA in Malaysian women
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